Formation of the oceanic crust at mid-ocean ridges is a fundamental component of plate tectonics. A majority of the crust at many ridges is composed of plutonic rocks that form by crystallization of mantle-derived magmas within the crust. Recent application of U/Pb dating to samples from in-situ oceanic crust has begun to provide exciting new insight into the timing, duration and distribution of magmatism during formation of the plutonic crust 1-4 . Previous studies have focused on samples from slow-spreading ridges, however, the time scales and processes of crustal growth are expected to vary with plate spreading rate. Here we present the first high-precision dates from plutonic crust formed at the fast-spreading East Pacific Rise (EPR). Individual zircon minerals yielded dates from 1.420-1.271 million years ago, with uncertainties of ± 0.006-0.081 million years. Within individual samples, zircons record a range of dates of up to ~0.124 million years, consistent with protracted crystallization or assimilation of older zircons from adjacent rocks. The variability in dates is comparable to data from the Vema lithospheric section on the Mid-Atlantic Ridge (MAR) 3 , suggesting that time scales of magmatic processes in the lower crust may be similar at slow-and fast-spreading ridges.
gabbronorites are evolved cumulates that experienced post-cumulus flow of evolved and trace element enriched melts 17 . We dated 54 zircons from the four samples using isotope dilution-thermal ionization mass spectrometry (ID-TIMS). Cathodoluminescence (CL) images and Y and Hf maps were used to characterize the zoning and structure of zircons in each sample. The data reveal un-zoned, sector zoned and oscillatory zoned grains (Figure 2,  Supplementary Figure 2 ). In addition, several grains from JC21-78R-5 contain core regions overgrown by rims. The dated grains include grains that were first imaged and then removed from the mounts, and un-imaged whole grains and grain fragments.
Single grain and grain fragment 206 Pb/ 238 U dates from the four samples range from 1.420-1.271 Ma, with 2σ uncertainties of ± 0.006-0.081 Ma (Figure 3 , Supplementary Methods, Supplementary Table 2 ). The data were corrected for initial exclusion of 230 Th, which results in secular disequilibrium in the 238 U decay chain, assuming a constant magma Th/U estimated from existing isotope dilution Th/U measurements of basaltic glasses from the EPR (Th/U = 2.23 ± 0.31; 2σ). Weighted mean statistics are a useful way to analyze whether the distribution of dates within individual samples reflect analytical uncertainties or resolvable dispersion in the zircon crystallization ages. To determine whether the observed scatter can be explained by analytical uncertainties alone, the mean square of the weighted deviates 18 (MSWD) of the weighted mean, more widely known as the reduced chi-squared statistic, is often calculated. A MSWD ≈ 1 suggests that, within analytical uncertainties, the data are consistent with a null hypothesis that all zircons crystallized synchronously. Conversely, if the two-sided pvalue for the chi-squared goodness of fit is ≤ 0.05 (i.e., MSWD >> 1), we reject the null hypothesis, suggesting resolvable scatter in the crystallization ages.
Samples JC21-76R-4 and JC21-78R-2 have weighted mean MSWD consistent with measurement of a homogeneous population of zircon dates. In contrast, samples JC21-78R-1 and JC21-78R-5 have MSWD of 2.3 (n = 15) and 4.0 (n = 14) and two sided p-values ≤0.05, implying resolvable age variations. To quantify the variability within these samples, we calculated the overdispersion beyond analytical uncertainties using the maximum likelihood estimate of Vermeesch 19 . This approach models the observed dispersion in 230 Th-corrected zircon dates as the result of analytical scatter about a parent Gaussian distribution of true crystallization ages, instead of assuming the data represent repeat measurements of a single true crystallization age. We report the overdispersion parameter as the length of the ~95% confidence interval (4ξ) of the estimated parent distribution, with the 2σ absolute standard error of this value. Although the shape of the distribution of crystallization dates is unknown, a Gaussian is a reasonable approximation. Samples JC21-78R-1 and JC21-78R-5 have calculated overdispersion parameters of 0.047 ± 0.009 Ma and 0.124 ± 0.016 Ma, respectively. The observed variability in single grain dates provides a minimum estimate for the range of zircon crystallization ages because the grain fragment and single grain analyses may average core and rim ages in complex grains.
The absolute dates and the overdispersion of the data within individual samples are sensitive to the Th-correction applied (Supplementary Figure 3, Supplementary Table  2) . Application of a variety of end member Th-correction models generates small displacements in the Th-corrected 206 Pb/ 238 U dates, but always results in resolvable overdispersions (Supplementary Methods). Therefore, we are confident that our conclusions are independent of the correction for initial Th disequilibrium. The U/Pb dates provide direct constraints on the time scales of magmatic evolution beneath the EPR. The overdispersion in the 206 Pb/ 238 U dates within individual samples could reflect protracted crystallization of a single magmatic pulse, repeated recharge of a magma chamber or mush zone, or assimilation of older zircon during anatexis of adjacent wall rocks; it is not possible to differentiate between these models based on the current data. The evidence for discrete cores and rims in CL images and chemical maps of zircons from JC21-78R-5 may reflect the protracted magmatic history for this sample (Figure 2, Supplementary Figure 2) . However, we were unable to date any of the imaged grains with discrete cores because they did not contain enough radiogenic Pb, and therefore we could not directly test the relationship between zircon structure and date.
The 78R samples occur at the same depth as the axial melt lenses present below modern fast-spreading ridges 5,7 and may represent the crystallized equivalent of the melt lens (e.g., 20 ). The 76R sample comes from a depth that is within the low-velocity zone at modern ridges 8, 9 . The 206 Pb/ 238 U dates from the two dive localities overlap, suggesting that magmas were crystallizing simultaneously at variable depths in the crust, within the resolution of our analytical uncertainties. The 206 Pb/ 238 U dates are consistent with the spreading rate at this latitude calculated from magnetic data 21 and the tectonic history of Hess Deep 11 (Supplementary Discussion). The observed 0.12 Ma growth history in JC21-78R-5 corresponds to ~8 km of spreading at this latitude on the EPR 21 (half rate), which is greater than the full width of geophysically imaged axial melt lenses 7 (~0.5-1.0 km wide) or mush zones 8,9 (~5-7 km) beneath the modern rise. However, 226 Ra/ 230 Th disequilibrium in some EPR samples suggest that volcanism may extend up to 20 km from the rise axis 22 . Further, seismic data from ~9º20'N on the EPR is consistent with a thin melt lens 20 km off axis, which may be related to the axis of mantle upwelling being offset from the ridge axis in this area 23 . Seismic reflectivity data from overlapping spreading centers at 9º03'N on the EPR also suggest that axial discontinuities can be underlain by a wide and complex distribution of melt 24 . A similar axial discontinuity is located at ~2ºN on the EPR, southwest of Hess Deep. The extended growth history of the analyzed EPR zircons may therefore reflect either continued magmatic activity beyond the width of seismically imaged melt lenses/mush zones or formation in an anomalously wide magmatic zone.
Comparison of the new results from Hess Deep to earlier U/Pb zircon dating from the lower crust at slow spreading ridges, provides a context for the new dates and their implications for mid-ocean ridge processes. Lissenberg et al.
3 presented high-precision ID-TIMS single grain and grain fragment zircon dates from five oxide-bearing gabbros collected from the Vema lithospheric section at 11ºN on the MAR. Single grain 206 Pb/ 238 U dates ranged from 13.71-13.24 Ma, with uncertainties of 0.012-0.20 Ma (Supplementary  Figure 4, Supplementary Table 3 ; data recalculated using the new U/Pb_Redux algorithms and a revised estimate of the laboratory blank isotopic composition, which were not available when the data were originally published). One of the five samples has a weighted mean MSWD consistent with a single population, within the resolution of the analytical uncertainties. The four other samples have calculated overdispersion parameters of 0.078 ± 0.016 Ma, 0.104 ± 0.033 Ma, 0.150 ± 0.038 Ma, and 0.166 ± 0.045 Ma.
Lower precision sensitive high resolution ion microprobe (SHRIMP) 206 Pb/ 238 U zircon dates from Atlantis Massif (MAR) record similar to slightly larger intra-sample variations: 4 of 16 analyzed samples have weighted mean MSWDs that are higher than expected for a single zircon population and have overdispersion parameters of 0.169 ± 0.032 Ma to 0.298 ± 0.054 Ma 2 (two sample with porous zircon were excluded from the calculations). Other SHRIMP studies have focused on older samples from the Southwest Indian Ridge (SWIR) and the absolute uncertainties are too large to resolve 0.1-0.2 Ma variations 1,4 . Comparison of the overdispersion in TIMS versus SHRIMP data may be biased by differences in analytical procedures, data reduction and error propagation, and we consider the direct comparison between the high-precision TIMS data from the EPR and Vema samples to be the most robust.
The similarity in the overdispersion of zircon dates in the Hess Deep and Vema samples (Figure 2, Supplementary Figures 3 and 4) is surprising given the significant differences in spreading rate between the MAR and EPR, and the associated contrast in the inferred thermal conditions and structure of the crust and upper mantle. The duration of zircon crystallization is likely to reflect a balance between spreading rate, magma supply and thermal structure. Fast-spreading ridges are characterized by high magmatic fluxes and higher crustal temperatures, potentially facilitating stable long-lived magmatic centers and protracted zircon crystallization. However, newly formed crust is rapidly transported away from the ridge axis (~75 m/ka), restricting the opportunity for interaction between successive magmatic pulses or between axial magmas and older crust. This may limit the duration of zircon growth and prevent inheritance of significantly older xenocrystic zircons. Off-axis magmatism (e.g., 22 ) or broadening of the melt lens/mush zone 23, 24 could extend the duration of zircon crystallization or increase the potential for interaction with older crustal material in some areas.
In contrast, slow-spreading ridges are characterized by lower magma supply and lower crustal temperatures, which could lead to more rapid crystallization. However, on average, crust remains within the zone of axial magmatism for longer periods of time, increasing the possibility that magmas will be recharged by subsequent magmatic pulses or inherit older zircon from adjacent wall rocks. Thick axial lithosphere at slow-spreading ridges may also result in variable crystallization depths, with some magmas beginning to crystallize in the mantle 25 : a process that has been evoked to explain anomalously old U/Pb zircon dates from the SWIR and MAR 2,4 . The similar dispersion of zircon crystallization dates in the Hess Deep and Vema samples may therefore reflect a balance between a range of competing parameters at different spreading rates. Additional studies are needed to determine whether the data from Hess Deep and Vema are representative of the global mid-ocean ridge system, and to provide a more robust comparison between different spreading rates, intrusion depths and crustal structures.
Methods
High-precision single grain and grain fragment U/Pb zircon analyses were carried out in the radiogenic isotope laboratory at the Massachusetts Institute of Technology (MIT). Grains were dissolved in two-steps following the chemical abrasion method 26 , which isolates the lower uranium portions of the grains and thus minimizes the impact of post-magmatic Pb loss related to radiation damage. U/Pb isotopic ratios were determined by ID-TIMS. The analyzed zircons contained low amounts of radiogenic Pb (0.06-1.4 pg), which increased the importance of minimizing and accurately correcting for laboratory Pb blanks (Pb c = 0.17-0.70 pg). Data were reduced using the U/Pb_Redux software package 27, 28 . Hf and Y concentration maps and cathodoluminescence (CL) and backscatter (BSE) images were collected on the JEOL Hyperprobe JXA-8500F at the University of Hawaii and the JEOL Superprobe JXA-733 at MIT (Supplementary Figure  2) . Analytical procedures, U/Pb isotopic data and a detailed discussion of the impact of different Th-correction models are given in the Supplementary Methods. Author Contributions MR performed zircon geochronology and wrote the paper. CJL collected the samples, performed trace element analyses and generated CL and BSE images. NM provided statistical expertise. SAB assisted with zircon geochronology. CJM collected the samples and drafted the maps. EH generated Y and Hf maps and CL and BSE images. NS performed trace element analyses. Supplementary Data-Sample descriptions JC21-76R-4: medium-to coarse-grained, equigranular, oxide-bearing gabbronorite (10% opx). JC21-78R-1: medium-grained, equigranular, opx-and oxide bearing gabbro, with primary brown amphibole. JC21-78R-2: medium-to coarse-grained, equigranular, opx-bearing oxide gabbro (10% oxides), with primary brown amphibole. JC21-78R-5: medium-to coarse-grained varitextured rock, with domains ranging in composition from oxide gabbronorite to gabbro.
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Supplementary Methods-U-Pb zircon geochronology
Single grain and grain fragment U-Pb zircon dates were determined by isotope dilution-thermal ionization mass spectrometry (ID-TIMS) at the Massachusetts Institute of Technology. Individual grains were annealed at 900ºC for 60 hours and dissolved in two steps, following the chemical abrasion method 1 (CA-TIMS). Initial digestions were carried out in full strength HF in Parr acid digestion vessels held at 210ºC for 12-14 hours. Grains were then rinsed in H 2 O, sonicated and fluxed on a hot plate (~80ºC) in ~7N HNO 3 , re-rinsed in H 2 O, and then re-loaded into micro-capsules. The samples were subsequently spiked with the EARTHTIME 205 Pb-233 U-235 U tracer and dissolved in concentrated HF in Parr acid digestion vessels held at 220ºC for 48-72 hours. Following digestion, the HF solutions were dried down, re-dissolved in 6.2N HCl and returned to a 180ºC oven for 6-12 hours. Samples were then converted to 3.1N HCl, and U and Pb were separated on anion-exchange columns 2 . Isotopic analyses were carried out on a VG sector 54 TIMS at MIT. U and Pb were loaded in silica gel 3 onto out-gassed zone-refined Re filaments. Pb isotopes were measured by peak-hopping on the Daly detector and fractionation corrected based on repeat analyses of NBS 981, using the isotopic composition of Baker et al. 4 . U isotopes were measured statically on Faraday cups and fractionation-corrected using the 233 U-235 U double spike. All data reduction, error propagation and plotting of U-Pb data was done using the U-Pb_Redux software package 5, 6 . The data were corrected for laboratory blank based on the isotopic composition of repeat analyses of total procedural blanks. Our experience based on thousands of chemical abrasion zircon analyses is that zircons do not typically include measurable common Pb (Pb c ) in their crystal structure. Microbeam analyses (e.g. secondary ion mass spectrometry and laser ablation) and TIMS analyses of untreated grains often record variable concentrations of Pb c , however, the excess Pb c may be derived form surface contamination, cracks or micro-inclusions. The initial digestion step in the chemical abrasion analyses cleans the grains and dissolves inclusions and damaged parts of the zircon structure. In almost all chemical abrasion analyses, including the analyses for this study, the total Pb c in the final digestion step is indistinguishable from total procedural Pb blanks. We therefore assume that all 204 Pb in the analyzed grains is derived from procedural blanks.
Total Pb c ranged from 0.17-0.70 pg with Pb*/Pb c = 0.18-3.42 (Supplementary Table S2 ; Pb*, radiogenic Pb). We analyzed 19 total procedural blanks for isotopic composition during this study, which spanned 1.5 years. Three blanks were excluded due to anomalous isotopic compositions, which are most likely artifacts of isobaric interferences. The remaining 16 analyses had total Pb = 0.242-0.897 pg and mean isotopic compositions of 206 7 . Analytical uncertainties, reported as 2σ confidence intervals, are generally dominated by variability in the isotopic composition of the laboratory blank, due to the low total Pb* in the analyzed grains.
An important consideration in U-Pb geochronology of ~1 Ma samples is how to accurately correct for initial secular disequilibrium in the U-Pb decay chains.
238 U and 235 U decay to 206 Pb and 207 Pb through a series of intermediate daughter products generated by alpha and beta decays. During zircon crystallization, the intermediate daughter products can be preferentially incorporated into or excluded from the crystal, relative to their parent U isotopes, depending on the zircon/magma distribution coefficient (D) for each element. A primary concern for the 238 U decay chain is exclusion of 230 Th, a long-lived intermediate daughter product (t 1/2 = 75,380 years)
8 . An initial depletion in 230 Th leads to a deficiency in 206 Pb and erroneously young apparent 206 Pb/ 238 U dates. This effect is routinely corrected for using the Th/U of the zircon, which is typically a model Th/U calculated from the measured 208 Pb/ 206 Pb of the zircon, and an estimated Th/U of the magma. The maximum correction assuming complete Th exclusion is ~0.110 Ma and the uncertainties associated with the correction can be a major source of uncertainty in the absolute age of young zircons.
Model Th/U in the analyzed EPR zircons range from 0.33-2.77 (Supplementary Table  S2 ). We applied two end-member approaches for Th-correcting the zircon data, using i) a constant Th/U of the magma, and ii Table S2 ). The former approach is the standard method for Th-correcting U-Pb dates and we present these results in the manuscript (Supplementary Figure S1a) . For this correction, we used the mean and standard deviation of the Th/U of erupted EPR lavas as an estimate of the mean and variability of the Th/U of the magma. It is necessary to account for both the total Th/U of EPR glasses and the potential for excess 230 Th in mid-ocean ridge (MOR) magmas. Recently erupted mid-ocean ridge basalts (MORB) commonly have ( 230 Th)/( 238 U) > 1 (parentheses denote activities), which are interpreted to reflect differences in the Th and U crystal/liquid distribution coefficients during deep (>1.5 GPa) mantle melting (e.g., 9 ). Excess 230 Th in the magma reduces the magnitude of initial secular disequilibrium in crystallizing zircons and can be treated as a decrease in the effective Th/U of the magma (Appendix A of McLean et al. 6 ). Isotope dilution measurements on basaltic glasses from the EPR have Th/U = 1.68-3.33 (all but one data point have Th/U ≥ 2.25) with a mean of 2.51 ± 0.33 and ( 230 Th)/( 238 U) = 1-1.233 with a mean of 1.124 ± 0.093 9-17 (n = 75; 2σ standard deviations). Dividing the mean Th/U by the mean ( 230 Th)/( 238 U) of the EPR glasses yields an effective Th/U of the lavas of 2.23 ± 0.31 (n = 75; uncertainty calculated using standard error propagation and includes covariance), which we interpret as the best estimate of the effective Th/U of mafic EPR magmas.
Application of the constant magma Th/U model implies that the observed variation in the Th/U of the dated zircons must reflect variations in the zircon/magma Th/U distribution coefficient (D Th/U ). Limited experiments on Th and U partitioning between zircon and melt record D Th/U = 0.25-0.95 18, 19 (fO 2 ~ NNO, n = 13) and show a weak correlation with temperature. For a constant effective magma Th/U = 2.23, the observed Th/U in the EPR zircons require D Th/U = 0.15-1. 24 . The majority of the predicted D Th/U are consistent with the experimental values, but two high Th/U zircons from JC21-78R-1 require D Th/U > 1, implying inclusion of excess Th. The scarcity of reversely discordant zircons suggests that D Th/U is typically less than 1 and we consider it unlikely that there was excess 230 Th included in the two high Th/U grains. The high Th/U may instead reflect variations in the Th/U of the magma.
For the second end-member correction, we assumed a constant D Th/U and a varying Th/U of the magma. We experimented with a range of D Th/U values, within the range of observed experimental values, and report results for D Th/U = 0.25 and 0.85 (Supplementary Table S2 The two end-member Th-correction models simplify complex systems and the variations in Th/U in the Hess Deep zircons may reflect a combination of changes in the Th/U of the magma and the zircon/magma distribution coefficients. The variability in the 206 Pb/ 238 U dates within each sample could, in principal, be explained by initial 230 Th disequilibrium if the difference between the Th/U of the magma and the Th/U of the zircon is minimized for the grains with the oldest uncorrected dates and maximized for the grains with the youngest uncorrected dates. To minimize the Th-correction for the grains with the oldest uncorrected dates in sample JC21-78R-5, the Th/U of the magma would have to be significantly lower (effective Th/U < 1.6) than the Th/U of EPR glasses (effective Th/U = 2.23). However, both theoretical predictions and natural data suggest that this is unlikely, because crystallization does not significantly affect Th/U. First, a study of a suite of EPR glasses that range from basaltic to andesitic compositions, the latter of which is expected to crystallize zircon, record Th/U of ~2.5 (effective Th/U ~2.2) over the full range in Mg# (0.27-0.63) 20 , consistent with the average isotope dilution Th/U of basaltic EPR glasses. Second, because Th and U partition coefficients are both low and similar in an assemblage of olivine, plagioclase and pyroxene, fractionation modeling indicates that fractional crystallization in lower crustal magma chambers will not change Th/U by more than 3% over 90% crystallization. Apatite and zircon crystallization are also expected to have a limited impact on the Th/U of the melt. Experiments on trace element partitioning between apatite and a range of silicate melt compositions measured D U and D Th near unity 21 , consistent with observations from natural samples 22 . Further, data from natural samples suggest that apatite does not fractionate Th from U 22 . Apatite crystallization is therefore not expected to have a significant impact on the Th/U of the melt. Zircon has higher D Th and D U 18,19,22 and Th/U that are generally lower that the effective Th/U of basaltic EPR glasses, and zircon crystallization would therefore increase the Th/U of the melt. However, the generally low U concentrations of MOR zircon and the low total volume of zircon in oceanic gabbros makes it unlikely that zircon crystallization leads to high Th/U magmas. Taken together, all lines of evidence suggest that the Th/U of the melt is likely to either remain constant or increase during crystallization. Thus it is highly unlikely that melt Th/U was significantly less than the effective Th/U of EPR basalts.
For JC21-78R-5, using a minimum effective Th/U equal to the effective Th/U of measured EPR glasses (Th/U = 2.23) for the five grains with the oldest uncorrected dates and a highly elevated Th/U = 15 for all other grains, still results in an MSWD = 2.4 and calculated overdispersion parameter of 0.075 ± 0.13 Ma. For JC21-78R-1, it is theoretically possible to attribute the total variability in the 206 Pb/ 238 U dates to crystallization from variable magma compositions with effective Th/U > 2. 23 . Such scenarios require a minimum of two different magma compositions with different Th/U and variable D Th/U in each magma: e.g., Th/U = 3.0 and 6.0 with D Th/U = 0.22-0.90 and 0.10-0.20, respectively. However, the data discussed above suggest that crystallization is unlikely to generate such a large range in the Th/U of MOR magmas. We therefore conclude that differences in Th/U are unlikely to be of sufficient magnitude to explain the observed variability in dates in either sample.
The uncertainty associated with the Th-correction is dependent on the difference between the zircon Th/U and assumed magma Th/U 6 : large differences between the zircon and magma Th/U lead to near maximum corrections and minimize the uncertainty in the correction, whereas similar zircon and magma Th/U lead to smaller corrections and larger uncertainties in the correction. The constant magma Th/U and D Th/U = 0.25 models predict large differences between the magma and zircon Th/U, which minimizes the propagated uncertainty from the correction. The D Th/U = 0.85 model predicts similar zircon and magma Th/U, which increases the propagated uncertainties. The uncertainties from the Th-correction dominate the total uncertainties for the D Th/U = 0.85 dates.
For samples where the isotopic composition of the blank is the largest source of uncertainty, the Th-corrected dates can have smaller uncertainties than the uncorrected dates. Figure S4 include both data from our original study of the Vema lithospheric section 23 and a limited number of new analyses for samples DR10-005 and VE2-5. All of the data have been re-reduced using the new U-Pb_Redux algorithms 6 and the revised laboratory blank compositions based on the total procedural blanks measured during the EPR study. The revised blank compositions are based on a slightly larger data set of higher quality analyses, and we feel they provide a better estimate of the true isotopic composition and variability of the laboratory blanks. The new blank composition has larger uncertainties than the original blank values used, due to increased scatter within the dataset, which increases the uncertainties of the Vema U-Pb dates. The data are Th-corrected using a constant magma Th/U estimated from the Th/U of basaltic glasses from 11-30ºN on the Mid-Atlantic Ridge (Th/U MAR = 2.36 ± 0.30; n = 10) [24] [25] [26] , and the new reduction propagates the uncertainties on the Th/U of the magma. We only present a single Th-correction model for these data because the dated grains are older than the Hess Deep zircons and have more uniform Th/U, which makes the final dates significantly less sensitive to the Th-correction. We excluded six analyses with anomalously high total Pbc (>1 pg) from the discussion of the data, the weighted mean MSWD and overdispersion calculations, and Supplementary Figure S4 , because the mean value and variability of the blank isotopic composition may be different at high blank values (Lissenberg et al. 23 ). We feel that Supplementary Table S3 is a more accurate representation of the Vema dates and uncertainties and should be used in place of the original data table from Lissenberg et al. 23 . The revisions to the dates and uncertainties do not significantly change our original interpretations and conclusions.
Supplementary Discussion-Spreading rate
To calculate a time-averaged Pacific-Cocos spreading rate from the new U-Pb zircon dates, it is necessary to account for the overlapping spreading centers at ~2ºN on the EPR, southwest of Hess Deep (Figure 1) . Lonsdale 27, 28 demonstrated that the eastern axis of the overlapping spreading centers is propagating southward at a rate of ~166 km/Ma (recalculated using the Pacific-Cocos spreading rate of DeMets et al. 29 ). The tectonic evolution of the Galapagos microplate region is extremely complicated and the pre-1.0 Ma history is poorly constrained, however, the axial discontinuity is thought to have been present prior to this time (e.g., 27, 30 ). Reconstruction of the axis geometry at ~1.3 Ma suggests that the dated samples were formed along the western spreading axis, prior to the southward propagation of the discontinuity. The half-spreading rate calculated using our U-Pb zircon dates and the distance to the northward projection of the modern western axis is ~68-70 km/Ma, in agreement with the spreading rate calculated from sea-floor magnetic anomalies of ~66.5 km/Ma 29 (best fit model); the minor offset between the two rates likely reflects uncertainty in the location of the western ridge axis at ~1.3 Ma. 25 and new analyses presented here (Supplementary Table 3 ). All of the data were re-reduced using the U-Pb_Redux algorithms 6 and a revised blank isotopic composition, and are Th-corrected assuming a constant magma Th/U = 2.36 ± 0.30 (2σ). The data are plotted to the same scale as the Hess Deep analyses in Supplementary Figure 3 . Uncertainties are represented as 2σ confidence intervals. Overdispersion (ovds) in dates calculated following Vermeesch 7 . 
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